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The Lysine Requirement and Ratio of Total Sulfur Amino Acids to Lysine
for Chicks Fed Adequate or Inadequate Lysine1,2
T. A. KNOWLES and L. L. SOUTHERN3
Department of Animal Science, Louisiana State University Agricultural Center, Baton Rouge, Louisiana 70803
ABSTRACT Experiments (Exp.) were conducted with
Cornish Rock males (4 to 14 or 15 d of age) to determine
the Lys requirement (Exp. 1) and the optimum ratio of
TSAA:Lys for chicks fed adequate or inadequate Lys
(Exp. 2). In Exp. 1, 180 chicks were allotted on the basis
of BW to six treatments with six replications of five
chicks each in a completely randomized design (CRD).
Average initial and final BW were 73.5 and 415.5 g. The
Lys levels fed were: 0.8, 0.9, 1.0, 1.1, 1.2, and 1.3%
digestible Lys. In Exp. 2, 240 chicks were allotted on the
basis of BW to 12 treatments with four replications of
five chicks each in a CRD. Average initial and final BW
were 68.5 and 336.3 g. Chicks were fed either 0.82 or
1.0% digestible Lys and within each Lys level, a ratio of
TSAA:Lys of: 0.55, 0.63, 0.72, 0.80, 0.88, and 0.96,
resulting in a 2 · 6 factorial arrangement of treatments.
At the end of each trial, all chicks were weighed and pen
feed consumption was measured. In Exp. 1, average

daily gain (ADG) and gain:feed (GF) increased (linear, P
< 0.01; quadratic, P < 0.02) as dietary Lys increased. A
cubic (P < 0.04) effect of Lys for average daily feed
intake (ADFI) was observed. One-slope, broken-line
regression models estimated Lys requirements of 1.0,
0.9, and 1.1% for ADG, ADFI, and GF, respectively. In
Exp. 2, chicks fed 1.0% Lys had higher (P < 0.01) ADG,
ADFI, and GF than chicks fed 0.82% Lys. Daily gain,
ADFI, and GF increased (linear, P < 0.01; quadratic, P <
0.01) as TSAA:Lys increased. For ADG, ADFI, and GF,
one-slope, broken-line regression models estimated required ratios of TSAA:Lys of 0.66, 0.71, and 0.63 for
chicks fed 1.0% Lys and 0.66, 0.67, and 0.63 for chicks
fed 0.82% Lys. There were no differences (P > 0.05) in
the estimated ratios of TSAA:Lys required to maximize
ADG, ADFI, and GF for chicks fed 0.82 and 1.0% Lys.
Thus, similar ratios of an indispensable amino acid to
Lys can be obtained when chicks are fed at or slightly
below their Lys requirement.

(Key words: total sulfur amino acids, lysine, ideal amino acid ratio, requirement, young chick)
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INTRODUCTION

ideal amino acid ratios have been developed using
synthetic diets that are virtually 100% digestible. Thus,
these ratios may not be applicable to more practical diets
(Wang and Fuller, 1990). Consequently, the current ideal
amino acid ratios may need to be evaluated in practical
diets (i.e., corn-soybean meal diets).
For chickens and pigs, Lys is the reference amino acid
in ideal amino acid ratios (Baker and Han, 1994).
Therefore, the correct level of dietary Lys must be
determined before ideal amino acid ratios can be
evaluated in practical diets. Because Lys is used in the
development of ideal amino acid ratios, it is critical to
feed diets at, or possibly slightly below, the animal’s
required level of Lys. Determinations of ratios of
individual amino acids to Lys are not important when
animals are fed diets containing excess Lys (i.e., ratios of
individual amino acids to Lys would appear lower than
they actually are). Thus, the determination of ratios of

Ideal amino acid ratios are used in the formulation of
diets for chickens and pigs. In an ideal amino acid ratio,
all essential amino acids and the sum of nonessential
amino acids are equally limiting (Wang and Fuller,
1990). Also, an ideal amino acid ratio contains the
required levels of essential amino acids and nonessential
amino acid nitrogen without excesses of either (Baker et
al., 1993). At the present time, the availability of
crystalline amino acids allows the formulation of lowprotein, corn-soybean meal, crystalline amino acid diets,
that very closely meet an ideal amino acid ratio for
either pigs or chickens. However, many of the current
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RATIO OF TOTAL SULFUR AMINO ACIDS TO LYSINE
TABLE 1. Analyzed amino acid composition of feed
ingredients, as-fed basis1,2
Soybean meal
Amino acid

Corn

Experiment 1

Lysine
Methionine
Cysteine
Threonine
Tryptophan
Leucine
Phenylalanine
Tyrosine
Histidine
Arginine
Isoleucine
Valine

0.22
0.18
0.18
0.26
0.05
0.89
0.36
0.25
0.19
0.32
0.19
0.27

2.57
0.57
0.66
1.59
0.53
3.10
2.03
1.46
1.09
2.84
1.75
1.90

Experiment 2

(%)
2.86
0.64
0.74
1.79
0.57
3.45
2.24
1.62
1.22
3.26
1.92
2.10

1Corn from the same source was used in both experiments, but
soybean meal from different sources was used in each experiment.
2Values are means of two analyses.
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those used in Exp. 2. One hundred eighty male chicks
were allotted to six treatments with six replicates of five
chicks per replicate in a completely randomized design
(CRD). Chicks had an average initial BW of 73.5 g and an
average final BW of 415.5 g.
The dietary Lys levels were: 0.8, 0.9, 1.0, 1.1, 1.2, and
1.3% digestible Lys (Tables 2 and 3). All diets contained
the same amounts of corn and soybean meal, while
various amounts of L-lysine·HCl were substituted for
isonitrogenous amounts of L-glutamic acid. Table 3 shows
changes in the dietary ingredients that were necessary to
insure that all diets were isonitrogenous and equal in
electrolyte balance (Na+K–Cl). Otherwise all diets contained the same concentrations of ingredients as the diet
shown in Table 2. All diets met or exceeded an ideal amino
acid ratio (Baker, 1995) for all other indispensable amino
acids (for chicks 0 to 21 d old) as determined for the level
of 1.3% digestible lysine.

Experiment 2
individual amino acids to Lys is meaningful when pigs
or chickens are fed a level of Lys that is not in excess of
their requirement. The purpose of the experiments
reported here was to determine whether the ratio of
TSAA:Lys varied depending on the Lys adequacy of the
diet.

MATERIALS AND METHODS

General
For both experiments (Exp.), chicks were fed a standard
corn-soybean meal starter diet (1.28% Lys) from Day 0 to 3
posthatch. Chicks were held overnight without feed and
water on Day 3 posthatch. On Day 4 posthatch, chicks
were weighed and allotted to treatments on the basis of
BW. They were housed in thermostatically controlled
starter batteries with raised wire floors and were provided
with continuous fluorescent lighting. The amino acid
composition of the corn and soybean meal (Table 1) was
determined after acid hydrolysis, whereas total sulfur
amino acid content was determined after performic acid
oxidation followed by acid hydrolysis, and tryptophan
content was determined after alkaline hydrolysis (AOAC,
1990). Diets were formulated based on analyzed values.
Digestible amino acids were calculated using digestibility
coefficients of NRC (1994) and by assuming 100%
digestibility of crystalline amino acids (Chung and Baker,
1992). Diets were fed from 4 to 14 (Exp. 2) or 15 (Exp. 1) d
of age. At the end of each trial, all chicks were weighed
individually and pen feed intake was measured. Growth
performance was evaluated by average daily gain (ADG),
average daily feed intake (ADFI), and gain:feed (GF).

Experiment 1
This experiment was conducted to determine the Lys
requirement of Cornish Rock males of the same source as

A second experiment was conducted to determine the
optimum ratio of TSAA:Lys for chicks fed adequate or
inadequate Lys. Two hundred forty male chicks were
allotted to 12 treatments with four replications of five
chicks per replicate in a CRD with a factorial arrangement
of treatments. Average initial and final BW were 68.5 and
336.3 g.
Chicks were fed diets containing either 0.82 or 1.0%
digestible Lys. At each Lys level, the ratios of TSAA:Lys
fed were: 0.55, 0.63, 0.72, 0.80, 0.88, and 0.96, resulting in a
2 · 6 factorial arrangement of treatments (Tables 2 and 3).
Within Lys level, all diets contained the same amounts of
corn and soybean meal, whereas various amounts of DLmethionine were substituted for isonitrogenous amounts
of L-glutamic acid. Table 3 shows changes in the dietary
ingredients that were necessary to insure that all diets
were isonitrogenous and equal in electrolyte balance
(Na+K–Cl). Otherwise, all diets contained the same
concentrations of ingredients as the diet shown in Table 2.
All diets met or exceeded an ideal amino acid ratio (Baker,
1995) for all other indispensable amino acids for chicks 0 to
21-d of age.

Statistical Analysis
Data were analyzed by analysis of variance procedures
(Steel and Torrie, 1980) appropriate for CRD. Effects of
Lys (Exp. 1) or TSAA:Lys (Exp. 2) were evaluated by
orthogonal polynomial contrasts. In addition, one-slope,
broken-line regression models (Robbins, 1986; Knowles et
al., 1997) were used to estimate Lys requirements and
required ratios of TSAA:Lys. The Lys requirements and
required ratios of TSAA:Lys were estimated from the
response curves of the least squares means for ADG,
ADFI, and GF. Standard errors of the Lys requirement
estimates and required ratios of TSAA:Lys were estimated
using the error mean squares from the ANOVA. In Exp. 2,
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a t test was used to compare TSAA:Lys ratio estimates at
each level of Lys (Steel and Torrie, 1980).

1.07% digestible Lys for ADG, ADFI, and GF, respectively
(Table 4).

Experiment 2

RESULTS

Experiment 1
Daily gain and GF increased (linear, P < 0.01; quadratic,
P < 0.02, respectively) as dietary Lys increased (Table 4).
Lysine requirement estimates obtained from the oneslope, broken-line regression models were 1.01, 0.91, and

Chicks fed diets containing 1.0% digestible Lys had
higher (P < 0.01) ADG, ADFI, and GF than chicks fed diets
containing 0.82% digestible Lys (Table 5). Daily gain,
ADFI, and GF increased (linear, P < 0.01; quadratic, P <
0.01) as TSAA:Lys ratio increased. For chicks fed diets
containing 1.0% digestible Lys, one-slope, broken-line
regression models estimated required ratios of TSAA:Lys

TABLE 2. Percentage composition of basal diets, as-fed basis1
Experiment 2
Experiment 1
Ingredient

0.8% Lysine

0.82% Lysine
0.55 TSAA:Lysine

1.0% Lysine
0.55 TSAA:Lysine

(%)
Corn
Soybean meal
Cornstarch
Corn oil
Monocalcium phosphate
Limestone
Vitamin premix2
Mineral premix3
Choline chloride4
Salt
Sodium bicarbonate
L-Lysine·HCl
DL-Methionine
L-Threonine
L-Tryptophan
L-Isoleucine
L-Leucine
L-Arginine·HCl
L-Valine
L-Phenylalanine
L-Histidine
L-Glutamic acid
Calculated diet composition
Nitrogen
Lysine
TSAA
Threonine
Tryptophan
Leucine
Phenylalanine + tyrosine
Isoleucine
Valine
Histidine
Arginine
Calcium
Total phosphorus
ME, kcal/kg

55.61
30.27
0.13
6.50
1.70
1.46
0.25
0.25
0.07
0.40
0.44
0.32
0.04
0.30
0.09
0.52
0.35
0.07
0.01
1.22
3.32
0.81
0.94
0.86
0.22
1.41
1.35
0.89
1.01
0.40
1.38
1.00
0.71
3,206

53.83
23.24
10.68
6.50
1.94
1.42
0.25
0.25
0.07
0.40
0.50
0.15

51.45
32.40
4.26
6.50
1.69
1.45
0.25
0.25
0.07
0.40
0.50
0.08

0.05

0.02

0.05

0.02

0.02
0.06

0.03

0.59

0.63

2.47
0.82
0.45
0.53
0.16
1.18
1.12
0.55
0.63
0.35
0.87
1.00
0.71
3,239

3.06
1.00
0.55
0.64
0.21
1.45
1.44
0.68
0.77
0.44
1.12
1.00
0.71
3,100

1Diet formulation and calculated diet composition were based on actual amino acid analyses of corn and
soybean meal. Calculated amino acid composition is reported on a digestible amino acid basis except for
tryptophan, which is reported on a total basis.
2Vitamin premix provided the following per kilogram of diet: vitamin A (as vitamin A palmitate), 4,500 IU;
cholecalciferol, 450 IU; vitamin E (as vitamin E acetate), 50 IU; menadione (as menadione sodium bisulfite), 1.5
mg; vitamin B12, 0.02 mg; biotin (as D-biotin), 0.6 mg; folacin (as folic acid), 6 mg; niacin, 50 mg; pantothenic acid,
18.3 mg; pyridoxine (as pyridoxine HCl), 6.4 mg; riboflavin, 15 mg; thiamine (as thiamine HCl), 13.4 mg.
3Mineral premix provided the following per kilogram of diet: copper (as cupric sulfate 5H O), 4 mg; iodine (as
2
potassium iodate), 1.0 mg; iron (as ferrous sulfate 7H2O), 60 mg; manganese (as manganese sulfate H2O), 60 mg;
selenium (as sodium selenite), 0.1 mg; zinc (as zinc sulfate 7H2O), 44 mg; calcium (as calcium carbonate), 723 mg.
4Provided 522 mg choline/kg of diet.
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TABLE 3. Percentage composition of treatment diets, as-fed basis1
Experiment 1
Ingredient

0.8% Lys

0.9% Lys

1.0% Lys

Salt
Sodium bicarbonate
L-Lysine·HCl
L-Glutamic acid
Cornstarch

0.40
. . .
. . .
1.22
0.13

0.37
0.04
0.13
1.02
0.19

0.33
0.10
0.25
0.82
0.25

Lys
level
DL-Methionine
L-Glutamic acid
Cornstarch

0.82
1.00
0.82
1.10
1.00

1.1% Lys
(%)
0.29
0.16
0.38
0.61
0.31
Experiment 2

1.2% Lys

1.3% Lys

0.25
0.22
0.51
0.41
0.36

0.21
0.27
0.63
0.25
0.39

TSAA:Lys
0.55

0.59
0.63

0.63

0.72

0.80

0.88

0.96

0.07
0.08
0.52
0.55
4.26

0.14
0.16
0.45
0.47
4.26

0.20
0.25
0.39
0.39
4.25

0.27
0.33
0.32
0.31
4.25

0.34
0.41
0.25
0.25
4.23

1In Experiment 1, all diets were identical to the basal diet except for salt, sodium bicarbonate, L-lysine·HCl, Lglutamic acid, and corn starch levels. In Experiment 2, all diets were identical to the basal diets except for DLmethionine, L-glutamic acid, and cornstarch levels.

of 0.66, 0.71, and 0.63 for ADG, ADFI, and GF, respectively
(Table 5). Required ratios of TSAA:Lys of 0.66, 0.67, and
0.63 for ADG, ADFI, and GF, respectively, were estimated
for chicks fed diets containing 0.82% digestible Lys (Table
5). There were no differences (P > 0.05) in the estimated
ratios of TSAA:Lys required to obtain maximum ADG,
ADFI, and GF for chicks fed diets containing 1.0 and 0.82%
digestible Lys.

DISCUSSION
Recent research indicates that the Lys requirement as
estimated by the NRC (1994) for 0- to 3-wk-old broilers

may be low (Han and Baker, 1991, 1993; Baker and Han,
1994; Kidd et al., 1997). Han and Baker (1991) reported
that the Lys requirement of 0- to 3-wk-old chicks was
1.2% total (1.01% digestible) Lys for maximum weight
gain and feed intake, and 1.41% (1.21% digestible) for
maximum feed efficiency. Also, Lys requirements of
1.15% (1.02% digestible) and 1.26% (1.12% digestible)
have been reported for maximum weight gain and feed
efficiency, respectively (Baker and Han, 1994). Furthermore, Kidd et al. (1997) reported that increasing total Lys
from 1.1 to 1.2% improved ADG and feed efficiency of
1- to 18-d-old chicks. However, the research reported
herein indicates that the NRC (1994) Lys requirement

TABLE 4. Growth performance of chicks fed six levels of lysine, Experiment 11,2
Lysine level

ADG3

(%)
0.8
0.9
1.0
1.1
1.2
1.3
Pooled SEM
Requirement estimate5,6

27.8
31.0
31.5
31.3
32.4
32.5
0.6
1.01( – 0.08)

1ADG

ADFI4
(g)
39.1
42.2
40.6
39.3
41.1
40.9
0.7
0.91( – 0.12)

GF3
(g:g)
0.72
0.73
0.78
0.80
0.79
0.80
0.01
1.07( – 0.09)

= average daily gain; ADFI = average daily feed intake; GF = gain:feed.
are means of six replicates of five chicks each from 4 to 15 d posthatching for ADG. For ADFI and GF,
data are means of five (0.8% and 1.1%) or six (0.9, 1.0, 1.2, and 1.3%) replicates of five chicks each from 4 to 15 d
posthatching. Average initial BW was 73.5 g.
3Lysine effect (linear, P < 0.01; quadratic, P < 0.02).
4Lysine effect (cubic, P < 0.04).
5Lysine requirement estimates were obtained from one-slope, broken-line regression models and are
expressed as a percentage of the diet.
6Y = L + U(R – X ) where L = the ordinate of the breakpoint in the curve; R = the abscissa of the breakpoint in
LR
the curve (the requirement estimate); XLR = a value of X less than R; U = the slope of the line for X less than R. ADG,
Y = 32.08 – 19.25(1.01 – XLR); ADFI, Y = 40.74 – 15.70(0.91 – XLR); GF, Y = 0.79 – 0.31(1.07 – XLR).
2Data
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TABLE 5. Growth performance of chicks fed two levels of
Lys and six ratios of TSAA:Lys, Experiment 21,2
Lysine
level

TSAA:Lys

(%)
0.82
1.00
x
0.82
1.00
x
0.82
1.00
x
0.82
1.00
x
0.82
1.00
x
0.82
1.00
x
0.82
1.00

0.55

0.63

0.72

0.80

0.88

0.96

x
Pooled SEM
Required TSAA:Lys6,7
1ADG

0.82
1.00

ADG3,4
19.5
25.2
22.4
24.5
28.7
26.6
25.3
30.2
27.7
25.9
30.3
28.1
26.4
29.9
28.2
25.9
29.7
27.8
24.6
29.0
0.7
0.66( – 0.04)
0.66( – 0.05)

ADFI3,5

GF3,4

(g)
32.4
37.1
34.7
37.8
39.2
38.5
39.3
41.4
40.3
40.5
41.4
40.9
40.2
41.5
40.8
40.0
40.5
40.2
38.3
40.1
0.9
0.67( – 0.05)
0.71( – 0.10)

(g:g)
0.60
0.68
0.64
0.65
0.73
0.69
0.64
0.73
0.69
0.64
0.73
0.69
0.66
0.72
0.69
0.65
0.73
0.69
0.64
0.72
0.01
0.63( – 0.04)
0.63( – 0.09)

= average daily gain; ADFI = average daily feed intake; GF = gain:feed.
four replicates of five chicks each from Days 4 to 14 posthatching. Average initial BW was

2Data are means of

68.5 g.
3Lysine effect (P < 0.01).
4TSAA:Lys ratio effect (linear, P < 0.01; quadratic, P < 0.01; cubic, P < 0.05).
5TSAA:Lys ratio effect (linear, P < 0.01; quadratic, P < 0.01).
6TSAA:Lys ratio estimates were obtained from one-slope, broken-line regression models.
7Y = L + U(R – X ) where L = the ordinate of the breakpoint in the curve; R = the abscissa of the breakpoint in
LR
the curve (the requirement estimate); XLR = a value of X less than R; U = the slope of the line for X less than R. ADG,
(0.82%) Y = 25.86 – 57.44(0.66 – XLR), (1.0%) Y = 30.04 – 43.22(0.66 – XLR); ADFI, (0.82%) Y = 39.97 – 63.31(0.67 –
XLR), (1.0%) Y = 41.17 – 26.34(0.71 – XLR); GF, (0.82%) Y = 0.65 – 0.51(0.63 – XLR), (1.0%) Y = 0.73 – 0.65(0.63 – XLR).

(1.1%) is adequate to obtain optimum ADG and ADFI
for 0- to 3-wk-old broilers, but 1.17% total (1.07%
digestible) Lys is needed to maximize GF.
Chicks fed diets containing 1.0% digestible Lys had
higher ADG, ADFI, and GF than chicks fed diets
containing 0.82% digestible Lys, which indicates that
chicks were being fed a deficient level of Lys at 0.82%.
Baker (1995) reported that 0- to 3-wk-old chicks require
a ratio of TSAA:Lys of 0.72 when fed a synthetic diet.
However, the research reported herein, utilizing more
practical corn-soybean meal diets, indicates that
0- to 3-wk-old chicks require a ratio of TSAA:Lys of 0.66
for optimum ADG, 0.71 for optimum ADFI, and 0.63 for
optimum GF. Also, similar ratios of TSAA:Lys were
obtained when chicks were fed a slightly deficient level
of Lys (0.82%) compared to chicks fed at their Lys
requirement (1.0%). These results are in agreement with
Kidd et al. (1997), who reported that increased threonine
was needed to obtain optimal weight gain of
18- to 54-d-old broilers when the dietary Lys level was

increased from 100 to 105% of the NRC (1994) estimated
requirement, thus indicating that broilers require threonine in a ratio to Lys that is similar at varying levels of
Lys (approximately 69 to 70% of Lys).
The results of the research reported herein indicate
that the requirement for Lys (1.1%) of 0- to
3-wk-old chicks suggested by NRC (1994) is adequate to
obtain maximum growth and feed intake, but 1.07%
digestible (1.17% total) Lys is required to maximize GF.
Also, the TSAA are required in a ratio to Lys, and this
ratio is similar when chicks are fed at or slightly below
their Lys requirement. Therefore, when conducting
experiments to determine the optimum ratio of an
indispensable amino acid to Lys, a slightly deficient
level of Lys can be fed in order to insure that Lys will
not be in excess of the animal’s requirement.
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